UNCLASSIFIED

AD NUMBER

AD821855

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; MAY 1967.
Other requests shall be referred to Air
Force, Foreign Technology Division, Attn:
TDETC, Wright-Patterson AFB, OH 45433.

AUTHORITY

FTD, USAF 1l1ltr, 7 Oct 1971

THIS PAGE IS UNCLASSIFIED




~ PTD-HT-66-562

FOREIGN TECHNOLOGY DIVISION

g
0 |
N
o0
=
-t

THE PRESENT STATE OF SERIES PRODUCTION OF BASIC
VACUUM-TECHNIQUE COMPONENTS IN CZECHOSLOVAKIA

by

]. Burll
STATEMENT #2 UNCLASSIFIED

This dooument i3 sub‘ect to Speciil sxport contrcls and each
transmittal to forsisn governuent.s or eign nationals way be
made only with prior approval of . s

-

BOLSEN RNIFERSARY
FOREIGN TECHNOLOGY DIVISION

-'!‘js
:5
ko
kg
&




EDITED TRANSLATION

THE PRESENT STATE OF SERIES PRODUCTION OF BASIC
VACUUM=-TECHNIQUE COMPONENTS IN CZECHOSLOVAKIA

By: T. Burll
English pages: 13

SOURCE: Jemn& Machantka a Optika. (Prscision Machanics
and Optics), No. 3, 1965, pp, 89-92. -

Translated undern Contréct AI-‘33(657)-41'6-408 : B _ o

TP6001819
TH!S TRANSLATION 11 A RENDITION OF THE ORIgh
MAL POREIEN TEXT WITHOUT ANY ANALYTICAL DR
¢ EDITORIAL COMMENT. STATEMENTS OR THEORIRS PREPARED BY!
ARYOCATED OR IMPLIED ARE THOLE OF THE SOURCE
ANG DO MOT NECERISARILY REFLECT THE POSITION TRAMSLATION DHVISIN
OR OPHHON CF THE PORNISN TECHNOLOSY D4 POREIGN TECHNOLOSY Divigion
Vison. VAR, MO

PTD- HT -66-562 m 1 May 1957




D e e .. O 3 L A At 3 - ¢ et o, + LI 7R

ITIS INDEX CONTROL FORM
"0l Aee N - - ]68 Trzamsiation Rr ) X Ref Acc Nr 76 Reel/Frave Nr -
TP5001819 HT 6600562 AP6003359 0897 0857

97 Header Clas 63 Clas |64 Control Markings 94 Expansio] 40 Ctry Info

UNCL T UNCGL, o1 — o - : —CZ S
. 02 Ct:y 103 Re 04 Yr 05 Vol 08 1ss 07 E. Pg.]45 E. Pg. [0 Date

oo%o 65 000 003 0083 0092 NONE
!“"311t°=3t itle SOHUCASNY STAV SERIOVE VYROBY ZAKLADNICH STAVEBNICH
PRVKU VAXKUOVE TECHNIKY V CS3R

09 Bnglish Title THE PRESENT STATE OF SKERIES PRODUCTLON OF BASLC VACUUM-
TECHNIQUE COMPONENTS IN CZECHOSLOVAKIA

43 Source , N

~JEMNA MECHANIKA A OPTIKA (Czechoslovakis)

.42 Author 98 Document Locatien

CBURIL, I, — N R

-Authox 47 Subject Codes

JONE 13

‘16 Co-Authox 39 Topic Tags! vacuum Lechnology, vacuum

NONE = : pump

16 Co=Authox
- NONE »

. Y Co-Author : . -
",ANONE S ‘ B

"ABSIRACT~ ‘The article discusses the increasing requirnments and the multipliciry ‘
of ‘the practical use of vacuum equipment and the resulting problems, A short
B . survey of the basic parts of vacuum devices and of the rules for their operation

'»;r‘s siven Orig art, has: 6 figures., English Translation: 13 pages.




THE PRESENT STATE OF SERIES PRODUCTION OF BASIC VACUUM-TECHNIQUE
COMPONENTS IN CZECHOSLOVAKIA

Eng. J. Buril, Laborstory Equipment, Prague

_The paper disouseses the problem of vaouum-system osonstruction ;
posed by the ever-increasing demand for and manifold uses ofruacuuﬁ o o
technique. It givee a brief review of the baaie components of vgcuun
systems and their working principles.

INTRODUCTION
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One of the characteristic technical phenomena of the past twa de- c ]
cades has been, without doubt, the rapid development of vacuum tech- - o
nique and its introduction into an increasing number of scientific and

industrial branches, This situation has not been without eff-ct upon

e

- ~the refinement and maess production of the tasic vacuum installations . mm,.afjf;

alr'ady in exiatence, and on the development of entirely nev elements,

especially of pumps for ult}ehigh vacuunm, However, the many aspects of : ;fi
vacuum-technique applications at timas confront the designer with ' f;*?i
hard-to~golve problems stemming from the demand for a wide range of
rather complex and varied vacuum inatallations. Basically, two possible : 7?@
apprcaches to the solutlion are possible: the manufacturing of unique
installaticns meeting individual requirements, or the mass production : ’Q
of basic dbullding blocks and standard installatlons (either universal ‘_;‘

or admitting of adaptation to the specific requirements),

The majority of the worlid's producers of vacuum apparatus have

opted for the second soluticn, l.e., the producticn of a wide range of

-l~
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built, since this solution 1is far more economical.

- wim-oo ... .YEJ Laboratory Equipment Prague, the design office for vacuum
equipment for the laboratory inastrument division in Czecheslovakia,
has also committed 1tself to this method and is progressively intro-
ducing these basiec building elements of vacuum teshnique into 1ts pro-

duction program,

The tfansition to this type of production has not been eaay., It

~-was above all nscessary to improve the performance levels of the exist~
ing pumps and thelr technical parameters, to standardize the design
cencepts and basic dimensions of the elements presently manufectured,
to standardize the fittings, connections, etc. Today, the development
of vacuum building olocks has been extensively defined and is being
carried out according to a precisely establishedrplan. '
The purpose of the present paper is to inform the reader concern-’

ing the principal features of the current production situation ano_o:

the avallable mix of basic vacuum bullding blocks. The individual sec-

which have to be observed for trouble~rree runotioning of the individu-ﬂ

al components and che installations as a whole,

THE BASIC BUILDING BLOCKS

' The baslc building blocks ¢f vacuum technique include those com-
ponents of low- &nd high-vacuum installstions designed for all uses
which are common to these installations and from which the hasic
equipment aggregate can easily be built. These components can, there~
fore, be mass-produced in specific dimensions.

These are, generally speaking,

I. pumps;

vacuum gauges;

- —tlons will echo the basic, principles, often overlooked in practice,”

basic building blocks from which complex vacuum installations can be
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valves and valve blocks.
II. oll-vapor traps and freezers;
connecting pipes and fittings,
e o= L1 T4 -vacuum-t ight electrical entrances; -~ S e e
entrances for transmitting motion into the vacuum,
The Roman numerals of the individual groups denote the order of

~prierity according to which the individual components will he intro-

duced into production A special group is formed by elements that auto-

|
t

o mate runctioning of vacuum installations and the components for ultra-

.- high vacuum. T T
~ puMes
From the point of view of functional and perhaps even design
- o principles, present-day vacuum technique offers a large number of pump

types. Of these, the most success’ul in low-vacuum 1d5tallations have

1
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been the rotary~valve pumps. In Iinstallations requiring very -higlh pumpe
Ing performance, these pumps are used together with Roots-type pumps. 7
QHigh-vaCuum installations use diffusion pumps in addition to rotary ;?-
. pumpa. . C e . ' -
e **’Table 1l reviews gll of the vacuun-plump Vtypes manufactured at ‘the
7WSE§EeWLapo?atory Equipment Works and the degrees of vacuum that they
wnpmmmm- _
Water pumps are used only to obtain gross low pressures in small ' 'f?
'apaces. Their principal uses are in laboratories, for riltration,etc. -
.These pumps reach their optimum pumping speeds at a water flow rate of
k40 livers per hour and pressurss of 4 atm gauge. They are equipped
with & nonreturn valve that makes it impcssible for water to flow back

intes the evacuated space,

The dry-motor pump 1s 8lso usqd to obtain gross low pressures 1in

small containers. Its advantage over the water pump lies in lts inde-

FID-HT-66-562/1+2+43+4
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pendence of the water supoly and also in its being able to serve as a

,onnressor )

_ The two types of pumps cited, i.e., water and motor pumps, are
not included among the basic building blocks for vacuum installations.
Rotary oil pumps are basic building blocks in a large majority
of conventional vacuum installations. Table 2 shows the types of pumps
preséntly manufactured as well as additions to the series planned for
_‘the near future, : . . L T i;
o The table aluo shows thav, with the exception of the. smalle;t L
’”pumps with their 3m3/hour output, all the new series of pumps will I
come ;n two-stage types. Figures 1 and £ show Laboratory Equipment |
>'rotary pumpgvih tr< new serles. '
“When developing new types of rotary pumps, special attention has
| been devoted to: ' | o
— improvement of the maximum vacuum by about 1 order, l.e.y with
the two-stage pumps, thls represents the possibility of ob;ain;ng pa:~; _
_tial pressures of the order or’lo'“ torr, -

= quiet operation;

— air cooling instead of water cooling;
" long 1ife of the pump and oil filler; - T g T
— praoduction simplicity

The intake-port diameters of the rotary pumps 1n the new sgriéé.

form ¢ne 6r the basic elemerts in dimensional atandardization of the
coupling components. At the same time, the individual diametere of the

;umping ports of all the two-stage pumps in the new series are chosen

in such a manner as to asaure that, when fitted with & su;ticp pige up
to 1 m long (and having the same diameter as the intake stub of the

rolary pump), the transfer capaclty of this pipsline at a pressure of

10" +or» will be at least ten times the nominal pumping speed of the

PN LS NN SN SR L S - —_———




|

T eI e Tt e 0

TABLE 1

~ Working Ranges and Partial Pressures Obtained with the Pumps Presently
Manufactured by Laboratory Equipment

Dreh viwéy 760 100 10 i 10 ¢ 108 103 Jp¢ loé ot o ey
—— vy S T S R | , , }
vodnf vyvivy h L 1 f

motor, vyvive ruchd s rmme—— |
rot. ole). vyv. jednostup.®) 4

rot. alsj. vy~. dvoustup. e

difdani olej. vivivy £ l : . ,

Explanation: p—————v denotes the value for presently manufactured
Lypes; =—wa= denotes the performance of experimental types.

~~¥#Partlal pressure measured by the MacLeod method.
a) Type of pump; b) water pumps; c) dry-motor pumps; d) rotary oil punp,
one stage; e) rotary oil pump, two stages; f) oil diffusion pumps.

TABLE 2
.. . .Laburatory Equipment Rotary 011 Pumps T

TR A BTN RS WS
, ' |
B - ; . . . )

Typové aan. g RV | RY.2 an 15 | RV zo/:Tnvso RV 442 [ RY 1002} RV 120 © RV 2002 ]
. t | i . - ':7 -
o e (O ; 5] w0 oW LW } o1 7 =
soutmnt vyribénd teds I T | .8 | e i e
| tschppatdovyrb ' 0 e R e e e o
- ~a) Type designation; b) pumping speed in m°/hour at 760 torr; ¢) series S
... bresently manufactured; d) planned serles, S U
TABLE 3 .
b - ~Review-cf-Nomlnal-Intake-port Diameters in the New Series of Rotary ™ =~ 17
Pumps .
Typ, . vyvivy a RV RV&2 ' RV#0;3 l RV 4u/2 ] RV }ins2 R\ 24,2 -
|;;;;hhnv;1 R *iL ") ““1 o, W

8) Type designation; b) nominal I.D., mm.

rctary pump used. This reduces the loss of pumping speed at the end of
the pipe t¢v a mininmum,
Table 3 presente & series of nominal suction-pipe system diameters

for the individual rotary oil pumps of the new saries.
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“2 Fig. 1. The only single stage pump in the new series of rotary oil pumps
<3 s the RV 3; air-cooled with an output of 3m3/nour at 760 torr,

GRAPHIC NOT
REPRODUCIBLE

Fig. 2. The RV 40/2 pump 1s one of the new pump series, It is a two-
stage unit, alr-cooled with the aid of a high~-speed fan on the motor-
belt shaft.

mqmuﬂmm“‘ -

Since there are frequent errors in the practical use of the ro-
tary pumps, 1t i3 desirable t¢o review certain basic rules for their
application:

j ; — rotary oll pumps are designed to pump dry alr from closed spaces;

-~ rotary oll pumps are not sultable for pumping aggresrive gases
and vapors;

- the pumped gas may not contain mechanical impurities; if this
is the case, a dust filter must be placed before the pump;

~ in cases of pumping of molast air, it is necessary to wnrk with

an open "gas-ballast valve," connecting a condenser or perhaps even a

throttle valve in front of the pump;

SRR L s e i o e
!
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— the valve gear of the rotary-pump vacuum installation must be
~_designed to permit venting of its suction pipes when the rotary pump . - - .-
is shut off, and also to separate tre evacuated space from the pump.

T ee s —-Poday, the o1l diffusion pump 1S the basic high-vacuum tool. Of =

———

the many kncwn types, the most successful has been the three-stage,
1
~water-cooled vertical oil diffusion pump with automatic fractionation Lo
!
- of the working {iuld.

The oil diffusion pumps manufactured by Laboratory quipment are f

B

of this design (see Fig. 3). The working fluild is silicone oil with a

. Vv&.pé!f pressure of the crcier of 'LOfS torr, - S e T
Table 4 giveas a review of the pumping capacities of the new ser-

les of diffusion pumps. At the present time, all of the pumpa offered

~by Laboratory Equipment are of this new type.

iIn the design of all diffusion pumps of this series, special at- -

tention has been paid to the following: /

— high pumping speed coupled with small size; o fir"f?

;}—; - ~ possiblility of reaching partial pressures of the order of“10f7

414 e R e S TR 2= 9 AL T I RN T L

i torrg - : . e

.\l

- "‘- Lo atability of the working fYuid in case of penctration of gir
. into thehot puwmpy
=~ long service life of the working fluid. | ‘ -
“§ '%f;f'  .'Letfus‘repeat some of the basic rules and regulationé for the use

~of diffusion pumpsf

. ~ the diffusion pump cannot work inde endently, but has to heve a
rotary 1l pump in front of it;
- the diffusion pump 1s not able to evacuate a space at atmospher-
ic pressure, i.e., it is necessary to evacuate i1t first with a suitable

fore-vacuum pump to about 1072 torr;

~ of all the 1liquids, only mercury and silicone oil tolerate the
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Flg., 3. Tue DOV 500 coll diffusion pump represents the current series
- of diffusion pumps. The pump is three-stage, all-metal, water coocled,
~with & pumping capacity of 500 liters/second.

TABLE 4

Revlew of Types of Qil Diffusicn
Pumps Produced by Lsaboratory Equip-
ment

ETRITTA R A BRI

BEA L o T R

jmnovid-
T o10 85 2% w0

l
ry !
er) | : ‘ ]

Typ & DOV m_novas}nov 150 | DOV 500 DOV 1600
. . 3
Foree

3) Tgpe; b) pumping capacity (liters/
S0 )

Flg. 5. Schematie deasign of vacuum~valve couplings; RV) Rotary pump

H
- DV) diffusion pump; R) receiver; PK) forevacuum chamber; A, B, C) three
basic types of valves,

e 2 | L e BT W SR

penetration ¢f alr into the heated air pump;
— due to the possible undesirable loss of working fluid from the
pump, penetration of alr intc the hot pump is undesirable even if sili-

cone oll is used.
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VACUUM 3AUGES

l

__As 1s apparent from Table 5, the State Laboratory Equipment Plant
makes three different types of electric vacuum gauges — thermal-cell,
- -—-Fenning-(ionizetion type with cold -cathode) and ioniration type {with ...
hot cathode, as shown in Fig. 4), with the measuring ranges given in
the table.
The gauge most freguently used in practice is 2 ccmbinatizn ther-
mal cell and Penning vacuum gauge whaose sources are in a common panel
andrhave & common indicator. This vacuum gauge 1s easy to ser&ice and
~1s used especially in industry. It is currently being improved; Penning -
gauge that can be taken apart and cleaned easily is being developed; {Lf
extenslon of the measuring range and the possibility of connecting a |
‘re;order or an automatic control valve responding %o the vacuum ob-

talned are being investigated.

Let us repeat some of the basic rules and regulations governing

‘the use of vacuum gauzes;

+
¥
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\ul— greatcare must be devoted to the placement of gaugea, especial- ‘
- ~»~~ly }» high~vacuum Installations, since otherwise the measured values --”~~;-r;%
‘t*“‘i*may*dirfer from the truth by as much as one order; "“’““ﬂm““fj*““f"54"
o - @@q Plagq@gﬁf_g{ﬂtgg gauges must be such as. to prevent foulins

1n use by mechanica‘ impurit‘es or oll;

= in high~-vacuun installatlons with rotary diffusion pumps and the

v »c;aasical riveevalVe coupling, it 1s desirable to use two thermal-cell

-gauges, one placed in the forevacuum chamber, the other in the high-
vacuum working space;
— in case of lncorrect connectlion of a Penning or ilonization va~

cuum gauge, the reading may be strongly influenced by adsorption or de-

edrption phenomensa in the gauge and the immediate surroundings,
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TABLE 5

- . . . . _ Measuring Rarnges of the Types of
Electrical Vacuum Gauges Manufac- T
tured by Laboratory Equlipment

a
o ’ pre vl 10100 100 10 4 105 100 107 e
L | | | i ! |
rmo- & |
éul\kﬂ\'i . |
- d e
kombine- i
vany o Lcmoéunok . Pennu:\!
ionisaéni | b i

a) Type of vacuum gauge; b) thermal-
cell; c¢) combined; d) thermal-cell;
- - - .- - - —- _g) Penning: f) ionization.

GRAPHIC NOT
REPRODUCIBLE

Flg. 4. Hot-cathode ionization-type vacuum gauge, type VMI, with meas=-
uring range of 1:10~3 to 1:10~7 torr with bullt-in automatic protec~
tive device that operates in case of accidental air penetration.

VALVES ’

omeeee- - o——Ppactically all vacuum instelilations, even the simplest, require

the use of shutof? devices in vacuum=-pumping couplings. Previously,
vacuum cocks were used; they have since been replaced gradually but en-
tirely by vacuum valves, which have proven much more sultabinz.

Figure 5 shows a ochematic of four basic peosalble designs for
valve couplings. Figure 5&a represents a simple low-vacuum pumping in-
stallation permitting evacuaticon of the recipient ani vacuum-sesaling
with simultaneous or delayed venting of the rotary pump and, naturally,
of the recipient space. Flgure 5b shows agaln a low vacuvum installa-

tion that evacuateas, alternately or simultaneously, the two reciplents

- 10 =
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Rl and Rz, permits venting one of them independently of evacuation

~of the other, and also permits leaving the two under vacuum when the .- ... -

rotary pump is disconnected and vented. The valve coupling of the high-
e —eee - Y @OUUR - insgALlation shown 15 Plg. Sc 13 designed for devices with long
pumping periods, where the time needed for heating and cooling of the
- Aiffusion pump 1s very short compared to the pumping interval of one - -
© Working phase, The s3imple valve coupling shown does not &llow for sud-~

den interruption of tne power supply to the rotary pump, Figure 5d

" shows the classical five-valve design of the hignh-vacuum coupling, » =

... which permits direct forevacuuming of the recipient by the rotary pump, [~

DY R TR

evacuation of the reciplent to high vacuum by the diffusion pump, vent-~
ing of the recipient on separation of the diffusion-pump space from the¢
: Yeg;gd spage_and sealing of the regip;ent and the diffggianrpumb spsce A
under Qacuum on disconnection and venting of the rotary pump. SRR ;1
~The diagrams shown indlcate that for low-vacuum installations, twof
types of valwes — A and C, which differ in dlameter — are needed bhe : E
: diameter of valve A is determined by the diameter of the aspiraticn f1t~ :f éf

ting on the rotary pump used, while the diameter of the venting vaIves };‘i

_ th*s 15 usually quite short, even when diameters of a few millimuters

are uaed. _ ] ““m_' .

High-vacuum diffusion-pump installations alsc include in the ;ﬁ;{:;;

valve ooupling a valve B whose min:mum diameter is again given by tHe ifii
diameter of the aspiraticn fitting of the diffusion pump used.

The need for different diameteres of the valves 4, 58 and ¢ 13 what
dictates that at least three basic groups of valves te used as basic
elements for vacuum installations: diffusion-pump valves, valves rcrl““”r”“
distribution of low vacuum, &nd venting valves. In additlon, apecia;

valves are included. The designs of the individual ¢ypes are naturaiiy 

“« 11 =
FDT ~HT =66 =56 2/1 +243+4
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different. At present, VHJ Laboratory Eguipment manufactures the fol-
~_ _ _lowing independent building blocks: a series of valves for diffusicn
pumps corresponding to the series of diffusion pumps manufactured and

" - “two types of valve blocks, VB 35 and VB 250 (Fig. 6), which comblne two
. valves of type 4 and “wo valves of type € in one unit.

At present a series of independent type A valves corresponding in
diameter to the new rotary-pump series is being developed. The valives
will be manufactured in two variations — with manual and electromagne-
tic control.

As for the special valves, production of needl: valves with the

possibility of fine control of the gas intake into the evacuated space

RESd R L RET T R UUEREE 1 o

wlll begin next year.

GRAPHIC NOT
'REPRODUGIBLE

Fig. 6. The VB 250 valve block combines in a single unlt two valves cf
type A and two venting valves of type ¢. Its size 1s suiltable for high-
vacuum installations with the RV 15 rotary pump and the DOV 250 diffu-
sion pump.

OTHER BASIC BUILDING BLOCKS

e et | L

Other bhasic building blocks needed for vacuum installations, such
as ollevapor traps, quick-release couplers, vacuum entrances for elec-
trical lead-ins and shafts, etc¢., are, for the present, bullt only as
components of the complete production installations. After standard-

izztion 18 completed, these will be introduced progressively into pro-
- 12 -

FTD-HT-66-562/1+2+3+4
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duction as independent building blocks conforming to the specifications

TTTTTTTTRrthe TUsers.

CONCLUSIONS

Because of the range or 1ts subject the preesent papsr has given

only a basic review of the manufacture and uses cf baslc building blo+tks

‘“for vacuum installations. A more detalled discuabion of the problems of

determination and selection of correct pump and 1line sizes, the produc—

'f;;.;f-tiOU of- nigh-quality couplings; cutfittins of vacuum.installations _and B 1

1: a“cioser description of ‘the functions and fechnical parameters of the e |

new components will be given 1n future reports o f"ff“f”f',j“;fﬁj*“:,j:

—— . %




